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(54) ABRASIVE, ABRASIVE SLURRY, AND METHOD FOR MANUFACTURING ABRASIVE 



(57) An abrasive is used for accurately polishing op- 
tical and electronics substrates including glass sub- 
strates for producing optical lenses, optical disks, mag- 
netic disks, plasma-display devices, liquid crystal devic- 
es and LSI photomasks. It comprises parttoles having a 
volume-cumulative (95%) average partk^le size (D95) 



and particles having a volume-cumulative (50%) aver- 
age particle size (D50), in which a ratio of the D95 to the 
D50 (D95/D50) falls within a range of 1 .2. to 3.0. With 
this, it is possible to maintain a high removal rate and 
attain highly accurate polishing. 
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Description 

Technical Field: 

[0001] The present invention relates to an abrasive for use in accurate polishing of optical device substrates or 
electronics substrates, such as glass substrates for producing optical lenses, optical disks, magnetic disks, plasma- 
display devices, liquid crystal devices and LSI photomasks. More particularly, the invention relates to an abrasive which 
is endowed with excellent polishing properties including a removal rate (polishing speed) and which allows an object 
to be polished without generating substantial surface defects, such as scratches, to abrasive slurry containing the 
abrasive and to a method for producing the abrasive. 

Background Art: 

[0002] In recent years, polishing technique has become more and more important in the fields of electronics sub- 
strates, such as glass substrates for magnetic disks, for liquid crystal displays including thin-film transistor (TFT) type 
LCDs and twisted nematic (TN) type LCDs, for color filters of liquid crystal television displays and for LSI photomasks. 
[0003] Partteularly, in the field of magnetic disk substrates, there are demands for substrate-thickness reduction in 
keeping with the trend in weight reduction and for high mechanical perfomiance, particularly high rigidity, so as to 
withstand defonnation of the disk during high-speed rotation. In addition, there is also a strong demand for high re- 
cording density. In order to attain high recording density, the flying heightof a magnetic head to a magnetic disk substrate 
has been reduced to a great extent. In order to attain such a low height, the magnetic disk substrates must have high 
flatness and small surface roughness like a mirror surface, and surface defects, such as micro-scratches and micro- 
pits, must be removed to the utmost. Thus, surface polishing must be performed at high accuracy. In orderto meet the 
aforementioned demands for reduced thickness, high mechanical perfonnance and high recording density, various 
improvements have been made In the chemical composition of glass and in the method for producing glass. Specifically, 
in addition to chemically reinforced glass, there have conventionally been developed, as glass substrates, glass^e- 
ramic substrates predominantly containing lithium silicate and glass-ceramic substrates containing quartz crystals as 
a major component. However, these glass substrates have considerably poor processabllity, and therefore, when a 
conventional abrasive Is used to polish such substrates, the processing speed is low to thereby deteriorate productivity. 
[0004] Conventionally, in order to perform surface-polishing of a glass substrate, there has been employed an abra- 
sive predominantly comprising rare earth metal oxide, inter alia, cerium oxide, since cerium oxide exhibits a removal 
rate several times that of iron oxide, zirconium oxide or silicon dioxide. During use of such an abrasive, abrasive 
particles are generally dispersed In water or other liquid. When such an abrasive is used to perform surface polishing, 
there is a demand for attaining both the highly accurate surface polishing perfonnance and the high removal rate. 
[0005] A variety of measures for increasing the removal rate are disclosed in the case where cerium oxide is used 
as an abrasive. For example, JP-B SHO 38-3643 discloses a polishing method in which colloidal silica, alumina, or a 
similar substance is added to cerium oxide or a similar substance. JP-A HEI 3-146585 discloses an abrasive that 
comprises cerium oxide as a predominant component and magnesium chloride. However, employment of a sol-fonn 
abrasive comprising particles of different species leads to an increase in surface scratches or pits, failing to yield a 
high-quality surface. 

[0006] JP-A HEI 8-3541 discloses an alkaline ceria sol abrasive containing an organic acid having at least two car- 
boxyl groups for attaining a high-quality surface. JP-A HEI 8-41443 discloses a polishing composition containing an 
abrasive having an average particle size of 0.1 to 10 ^un (2 to 30 parts by mass) and an alkyi sulfate salt and/or a 
polyoxyethylene monofatty acid ester (1 to 20 parts by mass). By employment of such abrasives, highly accurate 
polishing and polishing performance can beattainedsimultaneously to a certain degree. However, since a large amount 
of an organic substance must be employed in addition to abrasive particles, production costs increase and stabie high- 
quality is difficult to attain, making employment of such abrasives problematic. 

[0007] The present invention has been accomplished in orderto solve the aforementioned problems, and an object 
of the present invention is to provide an abrasive which during accurate polishing of electronics substrates and similar 
substrates, attains a high removal rate and provides a high-quality surface having high flatness, small surface rougli- 
ness and substantially no mk:ro-scratch or micro-pit. 

Disclosure of the Invention: 

[0008] The present invention provides an abrasive that comprises particles having a volume-cumulative (95%) av- 
erage particle size (D95) and particles having a volume-cumulative (50%) average particle size (D50), in which a ratio 
of the D95 to the D50 (D95/D50) falls within a range of 1.2 to 3.0. 

[0009] In the abrasive, the volume-cumulative (95%) average particle size (D95) falls within a range of 0.1 to 1 .5 \im 



EP 1 350 827 A1 



and the particles with the D95 contain coarse particles having a size more than 1 0 times the volume-cumulative (50%) 
average particle size (D50) in an amount of 1 mass% or less based on a total mass of all the particles. 
[0010] In the abrasive, the average particle size (D50) falls within a range of 0.01 to 1 0 ^m. 
[001 1 ] The abrasive has a specific surface area of 1 to 50 m^/g. 
5 [0012] The abrasive contains, as a predominant component, at least one species selected from the group consisting 
of cerium oxide, silicon oxide, iron oxide, aluminum oxide, titanium oxide, chromium oxide, manganese oxide, silicon 
carbide and diamond, and of these the cerium oxide, silicon oxide, iron oxide, aluminum oxide or titanium oxide is 
particularly preferable. 

[0013] The cerium oxide is produced using rare earth metal carbonate as a starting material. 

10 [0014] The predominant component is contained in the abrasive In an amount of 50 mass% or more. 

[0015] The present invention further provides abrasive slurry comprising the abrasive in an amount failing within a 
range of 1 to 50 mass% and a solvent selected from the group consisting of CI to CIO monohydric alcohols, glycols, 
dimethyl sulfoxide, dimethylfonnamide, tetrahydrofuran and dioxane. 
[0016] The abrasive slurry has a pH in excess of 10. 

15 [001 7] The abrasive slurry has an electrical conductivity of at least 2 mS/cm, preferably at least 3 mS/cm, as meas- 
ured at ZO'^C under an abrasive concentration of 20 mass%. 

[0018] The abrasive sluny contains a surfactant selected from the group consisting of an anionic surfactant and a 
nonionic surfactant; the anionic surfactant is selected from the group consisting of low or high molecular compounds 
of carboxylic acid salt, sulfonic acid salt, ester sulfate and ester phosphate; and the nonionic surfactant is selected 
20 from the group consisting of poiyoxyethylene alkytphenol ether, polyoxyethylene alkyi ether and polyoxyethylene fatty 

acid ester. 

[0019] The abrasive slurry contains one species selected from the group consisting of phosphate, cellulose ethers 
and water-soluble high polymers. 

[0020] The present invention further provides a method for producing the abrasive, comprising a step of drying the 
25 abrasive slurry through application into a medium-fluidization layer of a medium-fluidization drier or through spraying 
against hot air of a spray drier and a step of pulverizing the dried slurry. 

[0021] The present invention further provides a method for polishing an object using the abrasive slurry, the object 
being a glass substrate for producing optical lenses, optical disks, plasma-display devices, liquid crystal devices, color 
filters of liquid ciystal television displays, LSI photomasks and magnetic disks. 
30 [0022] The present invention further provides a magnetic disk glass substrate polished with the abrasive to have 
surface roughness Ra of not more than 4.7 A and 55 relative latent scratches or less. 

[0023] By setting the abrasive according to the present invention to comprise particles having a volume-cumulative. 
(95%) average particle size (D95) and particles having a volume-cumulative (50%) average particle size (D50), in 
which a ratio of the D95 to the D50 (D95/D50) falls within a range of 1 .2 to 3.0, it is possible to obtain at a high removal 
35 rate a highly accurate surface with very small surface roughness and substantially no micro-scratchy or micro-pit, which 
is demanded in the field of electronics substrates. Though the clear reason for this has not been elucidated, it is 
conceivable that the large particles of the abrasive maintain the high removal rate and the small particles of the abrasive 
attain very small surface roughness and substantially no mkrro-scratch or micro-pit. 

40 Best Modes for Carrying Out the Invention: 

[0024] The abrasive of the present invention comprises particles having a volume-cumulative (95%) average particle 
size (D95) and particles having a volume-cumulative (50%) average particle size (D50), In which a ratio of the D95 to 
the D50 (D95/D50) falls within a range of 1 .2 to 3.0, preferably 1 .3 to 2.6, more preferably 1 .5 to 2.3, When the D95/D50 
45 is less than 1 .2, a desirable removal rate cannot be maintained to increase a difficulty in a pulverization technique, 
resulting in failure to attain stable production. On the other hand, when the D95/D50 exceeds 3.0, it is difficult to obtain 
a polished object having substantially no surface defect. To be specific, there cannot be attained a polished product 
having a surface of considerably high surface flatness, very low surface roughness and having no substantial micro- 
scratch or micro-pit. 

50 [0025] In the abrasive of the present invention, the volume-cumulative (95%) average particle size (095) is in the 
range of 0.1 to 1.5 ^m and the particles with the 095 contain coarse particles having a size more than 10 times the 
volume-cumulative (50%) average particle size (D50) in an amount, based on the total mass of all the particles, of 1 
mass% or less, preferably 0.5 mass% or less, more preferably 0.5 to 0.001 mass%. 

[0026] In the abrasive of the present invention, the average particle size (D50) is in the range of 0.01 to 10 p.m, 
55 preferably 0.05 to 5 ^m, more preferably 0.1 to 2 ftm, most preferably 0.1 to 1 .5 urn. When the average particle size 
is less than 0.01 , it is difficult to attain a sufficiently high removal rate. When the average particle size exceeds 10 jim, 
a polished object is liable to have a surface with scratches and, when sluny containing the abrasive having such an 
average particle size is used, a sedimentation problem is liable to arise. 
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[0027] When the amount of the coarse particles based on the total mass of all the particles is In excess of 1 mass%, 
polished products having no substantial surface defect are difficult to obtain. In other words, there cannot be attained 
a polished product having a surface of considerably high surface flatness, low surface roughness and having no sub- 
stantial micro-scratch or micro-pit. 

5 [0028] The coarse particle content can be obtained through any method; e.g., a method in which a portion of slurry 
produced from a relevant abrasive is taken up and repeatedly subjected to centrifugal separation under centrifugal 
sedimentation conditions including centrifugal force and centrifugatlon time predetermined In accordance with the par- 
ticle size which is 10 times D50, and the thus separated coarse particles are removed for measuring the content. 
Alternatively, the content may be obtained through a method employing a commercial coarse particle size meter. 

10 [0029] The expression "volume-cumulative (95%) average particle size (D95)" used herein refers to an average 
particle size of particles included in a 95% cumulative volume as determined from the undersize particle distribution. 
Similarly, the expression "volume-cumulative (50%) average particle size (D50)" refers to an average particle size of 
particles included in a 50% cumulative volume as determined from the undersize particle distribution. 
[0030] In the present invention, the reason for employment of the aforementioned volume-cumulative (95%) average 

15 particle size (D95) instead of the volume-cumulative (100%) average particle size (D100) is that the volume-cumulative 
(96%) average particle size can be measured in an easy manner while measurement of the volume-cumulative (1 00%) 
average particle size (D1 00) requires a long period of time. Another reason is that no substantial problem arises when 
D95 is employed Instead of D100. Thus, D95 is employed as an alternative to the ideal volume-cumulative (100%) 
average particle size (D100). 

20 [0031 ] Abrasive particles having a ratio D95/D50 close to 1 are regarded to exhibit a sharp size distribution profile. 
Since the abrasive particles employed in the present invention have a ratio D95/D50 falling within the range of 1.2 to 
3.0, they are regarded as abrasive particles exhibiting a quite sharp size distribution profile. The volume-based particle 
size distribution can be obtained by use of a particle size distribution measurement apparatus employing laser diffrac- 
tion, dynamic light scattering, photon correlation or the like. 

25 [0032] The clear reason why the high-speed surface polishing is maintained and high-accuracy surface polishing is 
attained through employment of the aforementioned constitution of the abrasive has not been elucidated. However, a 
conceivable reason is that the size and amount of the particles of a larger size contained in the abrasive, i.e. the portion 
of greater size in the particle size distribution, relate largely to the removal rate and polishing accuracy and that the 
slurry pH is an important fact when reacting the hydroxyl group on the abrasive particle surface with that on the glass 

30 surface to be polished. 

[0033] The abrasive of the present invention contains a predominant component that is preferably at least one species 
selected from among cerium oxide, silicon oxide, Iron oxide, aluminum oxide, titanium oxide, manganese oxide, chro- 
mium oxide, silicon carbide and diamond. 

[0034] iV^ore preferably, the abrasive of the present Invention contains at least one predominant component selected 
35 from among cerium oxide, silicon oxide, iron oxide, aluminum oxide or titanium oxide. 

[0035] Among these components, at least one predominant component is contained preferably in an amount of 50 
mass % or more, more preferably 70 mass %. In this case, no particular limitation is imposed on the balance compo- 
nents, 

[0036] In the present invention, among the aforementioned abrasive components, cerium oxide is particularly pref- 

40 erabty employed as the predominant component. More preferably, the predominant component is preferably cerium 
oxide produced from rare earth metal carbonate serving as a starting material. The abrasive containing as a predom- 
inant component cerium oxide which has been produced through the above producing method preferably has a cerium 
oxide content of 50 mass % or more, more preferably 70 mass % or more. The rare earth metal carbonate is employed 
as a type of light rare earth metal compounds that predominantly contain cerium and reduced amounts of components 

45 other than rare earth metals, e.g. alkali metals. 

[0037] The rare earth metal cariaonate to be employed as a starting materia! is obtained by milling naturally occurring 
rare earth concentrate rich in cerium, lanthanum, praseodymium, neodymium, etc.; chemically separating and removing 
components other than rare earth metals such as alkali metals, alkaline earth metals, and radioactive substances: and 
fomiing a cartaonate salt by use of a substance such as ammonium bicarbonate or oxalic acid. 

50 [0038] The rare earth metal carbonate to be employed as a starting material is obtained by milling naturally occurring 
rare earth concentrate rich in cerium, lanthanum, praseodymium, neodymium, etc.; chemically separating and removing 
components other than rare earth metals, such as alkali metals, alkaline earth metals and radioactive substances; and 
forming a carbonate salt by use of a substance, such as ammonium bicariDonate or oxalic acid. 
[0039] The rare earth metal cari^onate thus obtained is fired at about 500*C to about 1 ,200'*C In an electric furnace 

55 or a similar apparatus to fomri fired powder. The powder is milled to produce an abrasive predominantly containing 
cerium oxide. 

[0040] The specific surface area of the abrasive finally obtained can be judged on the basis of the firing conditions. 
It is preferably 1 to 50 m2/g, particularly preferably 2 to 20 m^/g. 
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[0041] By appropriately choosing conditions, such as firing conditions of the starting material and militng conditions 
for production, there can be obtained an abrasive having a specific particle size distribution that attains the effect of 
the present invention. 

[0042] Slurry containing the abrasive according to the present invention may be produced through a method wherein 
5 the fired powder is dispersed In water, a water-soluble organic solvent or a similar medium and the fired powder wet- 
milled in the dispersion medium. Alternatively, the fired powder is dry-milled, and the resultant powder is wet-dispersed 
in water or a water-soluble organic solvent. However, in the present invention, a wet milling process carried out by use 
of, for example, a ball mill is desirably employed. In eitherthe wet-milling or the dry-milling, the ratio D95/D50 of particles 
having a volume-cumulative (95%) average particle size (D95) to particles having a volume-cumulative (50%) average 
10 particle size (D50) is to fall within a range of 1 .2 to 3.0. 

[0043] Examples of the water-soluble organic solvent include C1 to C10 monohydric alcohols, such as methanol, 
ethanol, propanol, isopropanol and butanol; C3 to CIO polyhydric alcohols, such as ethylene glycol and glycerin; ac- 
etone; dimethyl sulfoxide (DMSO); dimethylformamide (DMF); tetrahydrofuran; and dioxane. 

[0044] The abrasive sluny of the present invention has an abrasive concentration (slurry concentration) of 1 to 50 
IS mass %, preferably 5 to 40 mass %, more preferably 1 0 to 30 mass %. When the amount of the abrasive in the slurry 
is less than 1 mass %, sufficient polishing perfomnance is difficult to attain, whereas when the amount is in excess of 
50 mass %. the viscosity of the slurry increases, leading to poorf luldization. This readily causes a problem in production 
and is economicaify disadvantageous in view of excessive use of abrasive. 

[0045] The abrasive slurry of the present invention has to have a pH in excess of 1 0, desirably in excess of 11 . When 
20 the pH is 10 or less, a desirable polishing rate cannot be attained. 

[0046] In the present invention, the abrasive slurry preferably has an electrical conductivity of at least 2 mS/cm as 
measured at 20''C, more preferably not less than 3 mS/cm. When the electrical conductivity is not less than 2 mS/cm, 
desired polishing perfonnance (in terms of surface roughness, scratches, surface defects, etc. of a substrate) can be 
attained. 

25 [0047] The abrasive slurry of the present invention preferably contains a surfactant serving as a dispersant. Examples 
of the surfactants preferably used in the present invention include anionic surfactants, cationic surfactants, nonionic 
surfactants and amphoteric surfactants. These surfactants may be used singly or in combination of two or more species. 
Of these, anionic surfactants and nonionic surfactants are preferred in the present Invention. 

[0048] Examples of the anionic surfactants include known cariDoxylate salts (e.g., soap, N-acylamino acid salts, alkyi 
30 ether cariDOxy I ate salts, acylated peptides); sulfonate salts (e.g., alkanesulfonate salts (including alkylbenzenesulfonate 
salts) and alkylnaphthalenesulfonate salts, sulfosuccinate salts, a-olefinsulfonate salts, N-acylsulfonate salts); sulfate 
ester salts (e.g., sulfonated oil, alkyl sulfate salts, alkyI ether sulfate salts, alkyl altyl ether sulfate salts, alkylamide 
sulfate salts); and phosphate ester salts (e.g., alkyl phosphate salts, alkyl ether phosphate salts, alkyl allyl ether phos- 
phate salts). These salts may have a low molecular weight or a high molecular weight. The temri "salt" used herein 
35 refers to at least one salt selected from among Li salts, Na salts, K salts, Rb salts, Cs salts, ammonium salts and H- 
type species. 

[0049] For example, the soap is a C12 to CI 8 fatty acid salt generally having a fatty acid moiety derived from lauric 
acid, myristic acid, palmitic acid, stearic acid, etc. Examples of the N-acylamino acid salts include CI 2 to CI 8 N-acyl-N- 
methylglycine salts and N-acylglutamate salts. Examples of the alkyl ether carboxytate salts include those having 6 to 

40 18 carison atoms, and examples of the acylated peptides include those having 12 to 18 carbon atoms. Examples of 
the sulfonate salts include those mentioned above and having 6 to 18 carbon atoms. For example, when the corre- 
sponding acid is an alkanesulfonic acid, examples of the acid include laurylsulfonic acid, dioctylsuccinosulfonic acid, 
benzenesulfonic acid, dodecylbenzenesulfonic acid, myristylsulfonic acid, quelylbenzenesulfonic acid and stearylsul- 
fonic acid. Examples of the sulfate ester salts include those mentioned above and having 6 to 18 cartDon atoms. For 

45 example, when the corresponding acid is an alkyl sulfuric acid, examples of the acid include lauryl sulfuric acid, dioc- 
tylsuccinosulfuric acid, myristyl sulfuric acid, and stearyl sulfuric acid. Examples of the phosphate ester salts include 
those mentioned above and having 8 to 1 8 carbon atoms. Examples of the nonionic surfactants include polyoxyethylene 
alkyl phenol ethers, polyoxyethylene alkyl ethers and polyoxyethylene fatty acid esters. In addition to the aforemen- 
tioned anionic surfactants and nonionic surfactants, known fluorine-containing surfactants may also be used. 

so [0050] Examples of high polymer surfactants include a specif b polycarboxylk: acid compound (Poiz 530, product of 
Kao Corporation). 

[0051] In order to prevent sedimentation of the abrasive slurry of the present invention or enhance stability of the 
slurry, the abrasive slurry composition of the present invention may further contain, in addition to the aforementioned 
surfactants, additives when necessary, such as polymer dispersants including a tripolyphosphate salt; phosphate salts 
S5 including hexametaphosphate salts; cellulose ethers including methyl cellulose and carboxymethyl cellulose; and wa- 
ter-soluble polymers including polyvinyl alcohol. Generally, these additives are added to the abrasive preferably in 
amounts of 0.05 to 20 mass %, particularly preferably 0.1 to 1 0 mass %. 

[0052] The abrasive of the present invention can be obtained by drying the abrasive slurry of the present invention. 
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No particular limitation is imposed on the drying method so long as secondary aggregation of abrasives contained in 
the sluny Is not fonned during drying. Thus, preferably used is a drier of a type that prevents secondary aggregation 

of abrasive, such as a medium-fluidization drier or a spray drier The medium-fiuidization drier is a type of driers for 
feeding abrasive slurry into a medlum-fluidized layer provided by mobilizing alumina-made or zirconia-made balls by 
5 means of hot blast. The spray drier is a type of driers for spraying abrasive slurry into hot blast by means of a two-fluid 
nozzle or similar means. Through employment of such drying means, an abrasive micropowder exhibiting excellent 
re-dispersion property and polishing performance can be provided. 

[0053] The abrasive of the present invention is dispersed, in a desired concentration, in the aforementioned disper- 
sion medium for producing slurry to thereby produce the abrasive slurry of the present invention. 

10 [0054] Generally, no particular limitation is imposed on the substrates to which the abrasive slunry of the present 
invention can be applied. The abrasive slurry is used for finish polishing of a variety of optical, electronics glass material, 
customary glass products, etc. Specific examples include glass substrates for optical lenses, optical or magnetic disks, 
plasma-display devices, liquid crystal displays, such as thin-film transistor (TFT) type LCDs and twisted nematic (TN) 
type LCDs, color filters of liquid crystal television displays and LSI photomasks. 

15 [0055] Preferably, the abrasive slurry of the present invention is used specifically to polish a glass substrate for 
magnetic disks. The glass substrate for magnetic disks has become of Interest in that it has advantages, such as a 
high rigidity for allowing thickness reduction and a high impact resistance. Glass materials, generally divided into chem- 
ically reinforced glass and glass ceramics, are used for providing the substrate. Each of these glass materials has 
been subjected to reinforcement treatment in order to overcome an intrinsic drawback of glass that is fragility. Since 

20 scratches occurring In the glass surface usually cause a great decrease in mechanical strength, the glass substrate 
undergoes chemical reinforcement through ion exchange for enhancing reliability of a disk produced from the substrate. 
Specifically, a glass substrate (disk substrate) is immersed in an alkaline molten salt to thereby exchange alkali ions 
present in the glass surface with ions of a larger size present in the molten salt, leading to formation, in the glass 
surface layer, of a compressive stress layer which greatly enhances fracture strength. In such a chemically reinforced 

25 glass substrate, elutlon of alkali species from the glass is prevented. The abrasive slurry of the present invention attains 
excellent polishing perfomnance (in temns. of surface roughness, scratches, surface defects, etc. of a substrate) to a 
substrate for HDs fonmed of the aforementioned chemically reinforced glass material. Examples of preferably employed 
glass substrates for HDs include aiuminosillcate glass substrates containing Li-*- and Na-*-, sodalime glass substrates 
containing K+ and Na+, and glass ceramic substrates. 

30 [0056] The present invention will next be described In detail citing examples, whteh should not be construed as 
limiting the invention thereto. 

Example 1 : 

35 [0057] Commercially available crude rare earth metal carbonate powder (ignition loss: 55.8%) in an amount of 4 kg 
was fired in a box-shaped electric furnace. The following firing conditions were a temperature elevation rate of 1 .7*'C/ 
min, a firing temperature of 900°C and a retention time of two hours. Elemental analysis of the thus fired powder 
revealed that the rare earth metal element content was 99 mass % and that the cerium oxide concentration based on 
all rare earth metal elements was 60 mass %. The specific surface area of the thus produced fired powder, as measured 

40 by means of a BET specific surface area measurement apparatus, was 10 m^/g. 

[0058] The thus obtained fired powder was added in an amount of 1 .7 kg to 2.5 kg of pure water, and the resultant 
mixture was stirred. Subsequently, an anionic surfactant (polycarboxylic acid compound surfactant (Kao Poiz 530, 
product of Kao Corporation)) was added as a dispersant in an amount of 34 g (corresponding to 2 mass % based on 
the fired powder) to the mixture, and the resultant mixture was stirred to thereby yield sluny. The thus yielded slurry 

45 was subjected to wet milling for 2.5 hours while the slurry was caused to circulate in the wet-milling apparatus. After 
completion of wet milling, pure water was added to the slurry to thereby yield 8 kg of abrasive slurry having a concen- 
tration of 20 mass %. The slurry was found to have an electrical conductivity of 3.5 mS/cm at 20.5*'C. 
[0059] A portion of the obtained abrasive slurry was subjected to particle size measurement by means of a laser- 
diffraction particle size distribution measurement apparatus (HR 850, product of CILAS). The volume-cumulative 50% 

50 average particle size (D50) was found to be 0.55 |xm, and the volume-cumulative 95% average particle size (D95) was 
found to be 0.8 ^m. Thus, the ratio D95/D50 was 1 .5. Furthermore, the amount of coarse particles having a size 
exceeding 5.5 (im, which size is more than 10 times the volume-curiiulatlve (50%) average particle size (D50), was 
found to be 0.72 mass % based on the total mass of all the particles. 

[0060] By use of the thus obtained abrasive slurry, the below-described object to be processed was polished. The 

55 polishing machine and the polishing pad employed were a 4-way double-sided polishing machine (Model 58, product 
of Fujikoshi Kikal Kogyo K.K.) and a suede-type pad (Politex DG, product of Rodel), respectively. Polishing was per- 
formed for 10 minutes at a slurry-feeding rate of 60 ml/min under an operation pressure of 75 g/cm^, with the number 
of revolutions of the turntable at 90 rpm. After completion of the polishing, the reinforced glass substrate was removed 
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from the polishing machine, washed with pure water under ultrasound application and dried. The glass substrate was 
evaluated in terms of the following properties. Table 2 shows the results thereof. 

[0061 ] In the above polishing, a 2.5-inch-size. alumlnosilicate-based, reinforced glass substrate (surface roughness 
Ra = 9 A) for magnetic disks was used as an object to be processed (object to be polished). The substrate had been 
5 polished in advance by use of a commercially available cerium oxide abrasive (ROX H-1 , product of Tohoku Kinzoku 
Kagaku K.K.). 

Evaluation of the processed object: 

10 (1) Surface roughness (Ra) 

[0062] The surface roughness (Ra) of the glass substrate was measured by means of a contact-type surface rough- 
ness measurement apparatus, Talystep or Talydata 2000, produced by Rank-Taylor Hobson. 

IS (2) Surface defects 

[0063] The surface of the glass substrate was observed under a differential interference microscope, and the surface 
evaluated in tenns of adhesion onto the surface and generation of scratches and pits. The incidence of scratches was 
evaluated by the number of scratches occurring in the surface of the glass substrate. The incidence of surface defects 
20 was evaluated on the basis of three relative ratings of "O" that indicates no substantial pit and favorable surface con- 
ditions, "A" that indicates small numbers of pits and Is problematic in actual use) and "X" that indicates considerably 
poor surface conditions. 

(3) Removal rate 

25 

[0064] The removal rate (^m/min) was calculated from the change in weight of the glass substrate before and after 
polishing. 

Examples 2 to 7: 

30 

[0065] In each of these Examples, the procedure of Example 1 was repeated, except that the D60, D95 and coarse 
particle content were changed to the values as shown in Table 1 by appropriately modifying the firing conditions and 
wet-milling apparatus operation conditions, thereby producing abrasive slurry. The slurry was evaluated in a manner 
similar to that employed in Example 1 . Table 2 shows the results thereof. 

35 

Examples 8 and 9: 

[0066] In each of these Examples, the procedure of Example 1 was repeated, except that the slurry concentration 
was changed to 1 0 mass % or 40 mass% as shown in Table 1 (in the Table mass % is shown as wt%), thereby producing 
40 abrasive slurry. The slurry was evaluated In a manner similar to that employed in Example 1 . Table 2 shows the results 
thereof. 

Examples 10 and 11: 

45 [0067] In each of these Examples, the procedure of Example 1 was repeated, except that the amount of the added 
dispersant was changed as shown in Table 1 , thereby producing abrasive slurry. The slurry was evaluated in a manner 
similar to that employed in Example 1 . Table 2 shows the results thereof. 

Comparative Example 1 : 

so 

[0068] The procedure of Example 1 was repeated, except that the wet milling was completed in one hour after the 
initiation, thereby producing abrasive slurry. The obtained fired powder was found to have a D50 of 0.56 \im and a D95 
of 1 .8 pjn, and the slurry adjusted to a concentration of 20 mass % after milling was found to have a pH of 11 .9. 
[0069] The thus obtained slurry was evaluated in a manner similar to that employed in Example 1 . Table 2 shows 
55 the results thereof. 
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Comparative Examples 2 to 6: 

[0070] In each of these Comparative Examples, the procedure of Example 1 was repeated, except that the BET 
specific surface-area. D50, D95 and coarse particle content were changed to the values as shown In Table 1 by ap- 
5 propriately modifying firing conditions and wet-milling apparatus operation conditions, thereby producing abrasive slur- 
ry. The slurry was evaluated in a manner similar to that employed in Example 1 . Table 2 shows the results thereof. 

Example 12: 

10 [0071 ] The procedure of Example 1 was repeated, except that commercially available high-purity cerium oxide was 
used instead of the rare earth metal carbonate, thereby yielding high-purity cerium oxide with ceria purity of 97%. The 
fired powder thus obtained was found to have a specific surface area of 12 m^/g. 

[0072] The thus obtained fired powder was added in an amount of 1 .7 kg to 2.5 kg of pure water, 34 g of a dispersant 
(Kao Polz 530, trade name) and 1 0 g of 10% aqueous ammonia were added to the resultant mixture, and the resultant 
IS matter was stin-ed to thereby yield slurry. In a manner similar to that employed in Example 1 , abrasive slurry was 
prepared from the slurry and subjected to evaluation. Table 2 shows the results thereof. 

Examples 13 and 14: 

20 [0073] In each of these Examples, the procedure of Example 12 was repeated, except that, as shown In Table 1, 
iron oxide (FegOa) or silicon oxide (SiOa) was used instead of the high-purity cerium oxide, thereby yielding abrasive 
slurry. The pH of the slurry was adjusted by adding caustic soda. The slurry was found to have a BET speclfte surface 
area. D95/D50 and other properties as shown in Table 1 . The slurry was evaluated in a manner similar to that employed 
in Example 1 2. Table 2 shows the results thereof. 

25 

Example 15: 

[0074] Cerium oxide abrasive slurry (containing an anionic surfactant) which had been obtained in a manner similar 
to that employed in Example 1 was dried by means of a medium-fluidization drier to thereby yield abrasive micropowder. 

30 Specifically, the abrasive slurry was fed, under control of the feeding amount, into a slurry-drier (Model SFD-05, product 
of Okawara Seisakusho K.K.) in whrch 20 kg of zirconia balls 2 mm in diameter were charged in order to dry the slurry 
to thereby yield abrasive micropowder. The abrasive micropowder was dispersed in water such that the concentration 
reached 1 0 mass %, and the resultant dispersion was stirred for one hour. After completion of the stirring, the dispersion 
was in-adiated with ultrasonfc waves for 10 minutes. Subsequently, the dispersion was allowed to pass through a 20 

35 mfcrosieve, and the weight of the particles remaining on the sieve was measured so as to check the aggregation . 

state. On the sieve, only 5 mass % of the abrasive micropowder that had been charged was found to remain. By use 
of such abrasive mteropowder, cerium oxide abrasive slurry can be obtained with good reproducibility. 
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[0075] As is apparent from Tables 1 and 2, when the abrasive slurry of each of Examples 1 to 14 Is employed in 
polishing, there can be attained a high removal rate and a favorable polished surface having a small surface roughness 
and few scratches or surface defects. 

[0076] In contrast, when polishing is perfonmed by use of the abrasive slurry of each of Comparative Examples 1 to 
5 6, at least one of surface roughness, scratch generation and surface defect generation is unsatisfactory, failing to attain 
a high-quality polished surface. In addition, the abrasive slurry of each of Comparative Examples 2 and 3 has been 
found to provide a low removal rate when used in polishing. 



Industrial Applicability: 

10 

[0077J As described hereinabove, according to the present invention, there can be provided an abrasive and abrasive 
slurry which attain, during polishing of electronics substrates, particularly glass substrates for magnetic disks, highly 
accurate surface polishing and a high removal rate. The substrate surface thus polished has high flatness, small surface 
roughness and substantially no micro-scratch or micro-pit and, therefore, is a high-quality surface. 



Claims 



1 . An abrasive that comprises particles having a volume-cumulative (95%) average particle size (D95) and particles 
20 having a volume-cumulative (50%) average particle size (D50), in which a ratio of the D95 to the D50 (D95/D50) 

falls within a range of 1 .2 to 3.0. 

2. The abrasive according to claim 1, wherein the volume-cumulative (95%) average particle size (D95) falls within 
a range of 0.1 to 1 .5 pjn and the particles with the D95 contain coarse particles having a size more than 10 times 

25 the volume-cumulative (50%) average particle size (D50) in an amount of 1 mass% or less based on a total mass 

of all the particles. 

3. The abrasive according to claim 1 or claim 2, wherein the average particle size (D50) falls within a range of 0.01 
to 1 0 Jim. 



30 



4. The abrasive according to any one of claims 1 to 3, wherein it has a specific surface area of 1 to 50 m^/g. 



5. The abrasive according to any one of claims 1 to 4, wherein it contains, as a predominant component, at least one 
species selected from the group consisting of cerium oxide, silicon oxide, iron oxide, aluminum oxide, titanium 

35 oxide, chromium oxide, manganese oxide, silicon carbide and diamond. 

6. The abrasive according to any one of claims 1 to 4, wherein it contains, as a predominant component, at least one 
species selected from the group consisting of cerium oxide, silicon oxide, iron oxide, aluminum oxide and titanium 
oxide. 

40 

7. The abrasive according to any one of claims 1 to 4, wherein it contains, as a predominant component, cerium 
oxide produced using rare earth metal carbonate as a starting material. 

8. The abrasive according to any one of claims 5 to 7, wherein the predominant component is contained in an amount 
45 of 50 mass% or more. 

9. Abrasive slurry comprising the abrasive according to any one of claims 1 to 8 in an amount falling within a range 
of 1 to 50 mass% and a solvent. 



50 10. The slurry according to claim 9, wherein the solvent is selected from the group consisting of water. CI to CIO 
monohydric alcohols, glycols, CI to CIO polyhydric alcohols, dimethyl sulfoxide, dimethylfonmamide, tetrahydro- 
furan and dioxane. 

11. The abrasive sluny according to claim 9, wherein it has a pH in excess of 10. 

55 

12. The abrasive sluny according to any one of claims 9 to 11 , wherein it has an electrical conductivity of at least 2 
mS/cm, as measured at 20''C under an abrasive concentration of 20 mass %. 
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13. The abrasive slurry according to any one of claims 9 to 11 . wherein it has an electrical conductivity of at least 3 
mS/cm, as measured at 20'C under an abrasive concentration of 20 mass %. 

14. The abrasive sluny according to any one of claims 9 to 13, further containing a surfactant. 

15. The abrasive slurry according to claim 14, wherein the surfactant is at least one species selected from the group 
consisting of an anionic surfactant and a nonionic surfactant. 

16. The abrasive slurry according to claim 15, wherein the anionic surfactant is selected from the group consisting of 
low or high molecular compounds of carboxylic acid salt, sulfonic acid salt, ester sulfate and ester phosphate. 

17. The abrasive sfuriy according to claim 15. wherein the nonionic surfactant is selected from the group consistinq 
of polyoxyethylene alkylphenol ether, poiyoxyethylene alkyi ether and polyoxyethylene fatty acid ester. 

18. The abrasive slurry according to any one of claims 9 to 17. wherein it contains at least one species selected from 
the group consisting of phosphate, cellulose ethers and water-soluble high polymers. 

19. A method for producing an abrasive, comprising a step of drying the abrasive sluny according to any one of claims 
9 to 1 8 and a step of pulverizing the dried slurry. 

djrer'"^**"* according to claim 19. wherein the abrasive slurry is dried using a medium-fluidization drier or spray 

21. The method according to claim 20. wherein the medium fluidization drier has a medium-fluidization layer to which 
the abrasive sluny is applied, or the spray drier has hot air against which the abrasive sluny is sprayed. 

22. A method for polishing an object using the abrasive slurry according to any one of claims 9 to 18. 

23. The method according to claim 22, wherein the object is a glass substrate for producing one species selected from 
the group consisting of optical lenses, optical disks, plasma-display devices, liquid ciystal devices, color filters of 
liquid ciystal television displays and LSI photomasks. 

24. The method according to claim 22, wherein the object is a glass substrate for producing magnetk: disks. 

25. A magnetic disk glass substrate having surface roughness Ra of not more than 4.7 A and 55 relative latent scratches 
or less. 
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The invention of claim 1 relates to an *^abrasive the ratio of D95 
and D50 of which lies in a specific range". 

The invention of claim 2 relates to an "abrasive having D95 in a 
specific proportion and containing i or less ina8S% of coarse grains more 
than 10 times larger than DSO*. 

The inventions of claims 3-24 refer to claim 1 or 2 and relate to 
an abrasive, its manufacturing method, and a grinding method. 

The invention of claim 25 relates to a glass substrate for a magnetic 
da sc in which the surface roughness and the relat ive number of latent scratches 
are specified. 



The technical feature common to claims 1 and 2 is to specify D95 
(namely, "the cumulative average of D95 is around 100 » ) and a value cone emina 
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average of D95 is around 100*) is not novel since it is disclosed in document 
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invention of claim 1, the invention of claim 2, and invention of claim 25 
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general inventive concept. « « oxngxe 
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